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ganglia—thalamocortical Results: Fifteen drug-naive children with newly diagnosed CAE were studied using continuous
loops EEG—fMRI. BOLD signal changes associated with interictal (nine sessions with six patients) and

ictal (eight sessions with six patients) GSWDs were analyzed at the individual and group levels.
GSWDs were associated with widespread and symmetrical deactivation in the cortex and cau-
date nucleus with a frontal maximum, and predominant activation in the thalamus bilaterally
during ictal GSWDs and in the cortex during interictal GSWDs. The BOLD response was char-
acterized by a higher statistical significance and a more widespread extent at the time of the
ictal GSWDs as compared to the time of interictal GSWDs.

Conclusions: Both interictal and ictal GSWDs in patients with CAE are associated with BOLD
signal changes in the basal ganglia—thalamocortical loop. Ictal GSWDs showing predominant
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thalamic activation and widespread cortical deactivation might cause a complete suspension of
the normal brain’s default state and manifest clinically as abrupt loss of consciousness (absence

seizures).

© 2009 Elsevier B.V. All rights reserved.

Introduction

An absence seizure is characterized clinically by the impair-
ment of consciousness and 3Hz generalized spike-wave
discharges (GSWDs) on EEG (CCTILAE, 1981). With ictal 3-Hz
GSWDs (duration often >4s), abrupt and severe impair-
ment of consciousness can be observed clinically, but GSWD
bursts lasting <4s (interictal GSWDs) are usually clinically
silent (Van Luijtelaar et al., 1991). The underlying mech-
anisms for absence seizure have not yet been described.
Furthermore, how GSWDs are generated and how these
discharges relate to consciousness are still not fully under-
stood (Hanneke et al., 2005). Recently, the possibility of
combining EEG recording with functional MRI (EEG—fMRI)
scanning provided the opportunity to reveal the brain
regions showing blood-oxygen-level-dependent (BOLD) sig-
nal changes in response to the epileptic discharges seen
on EEG (Stern, 2006; Gotman, 2008). This multimodal map-
ping technique has been used successfully to identify the
regions that may be involved in focal epileptic disorders
and idiopathic generalized epilepsy (IGE) (Laufs and Duncan,
2007). Although studies on clinical ictal activity are more
important in discovering the mechanisms of this parox-
ysmal disease (Tyvaert et al., 2008), almost all present
EEG—fMRI studies deal with interictal epileptic activity
rather than seizures. It is difficult to predict seizure occur-
rence due to the short time of recording and the artifacts
generated by movements (Laufs and Duncan, 2007). For
absence epilepsy, two studies (Salek-Haddadi et al., 2003;
Moeller et al., 2008a) involving a total of seven patients
reported on the BOLD response to ictal GSWDs, and four
studies (Aghakhani et al., 2004; Labate et al., 2005; Laufs
et al., 2006; Hamandi et al., 2006) involving a total of
25 patients reported on the BOLD response to interictal
GSWDs. Most previous studies demonstrated a thalamic
increase in the regional BOLD signal along with a regional
decrease in the cortex during GSWDs, but different regions
of BOLD signal changes were also shown to vary from one
study to another. The involved patients in previous studies
were often limited, that is, there was only one patient in
three studies (Salek-Haddadi et al., 2003; Labate et al.,
2005; Laufs et al., 2006), or there were some confound-
ing factors such as age, medication, and disease duration
(Aghakhani et al., 2004; Hamandi et al., 2006). Moreover,
there has been no study that focused on the different pat-
terns of the BOLD signal in ictal and interictal GSWDs,
although there is evidently a different clinical manifesta-
tion.

We investigated a homogeneous group of newly diagnosed
and untreated children with CAE in order to assess the con-
sistency and temporal pattern of network modulation as
associated with ictal and interictal GSWDs, and furthermore,
to compare the difference in BOLD signal changes between
the interictal and ictal GSWDs.

Materials and methods

Subjects

This study was prospective and was performed at the epilepsy cen-
ter of the West China Hospital of Sichuan University from July
2007 to August 2008. The study was approved by the Ethics Com-
mittee of the West China Hospital. We ensured that the patients
and their families were informed about all research procedures
and that they provided their consent before the experiment. Our
study was performed according to the standards set by the Dec-
laration of Helsinki. The diagnosis was made according to the
ILAE 2001 classification scheme (Engel and ILAE, 2001). Patients
who had CAE with frequent and stereotypical ictal and interic-
tal GSWDs during a 24-h video EEG monitoring and no structural
abnormalities on routine cranial CT and MRI were recruited.
Patients who would not cooperate or had taken AEDs were
excluded. Fifteen patients, seven males and eight females, aged
5—14 years (mean, 9.3) with an onset age of 4—9 years (mean
5.9), and who were diagnosed with childhood absence epilepsy,
were recruited. The clinical details of the patients are shown in
Table 1.

EEG acquisition

Electroencephalography was performed by using a 10/20 system
with 34 Ag/AgCl electrodes soldered to 12k current-limiting
impedance attached to the scalp with a conductive cream. The
EEG device was a Mizar 40 amplifier (EBNeuro, Florence, Italy)
with 32 channels adapted for MR. The sampling rate was set at
4kHz, which allows a suitable time resolution for picking up the
switching effect of the readout gradient in the high slew rate con-
dition; the EEG dynamic range was kept at £65.5mV to prevent
the MRI artifact from saturating the EEG/ECG. The EEG amplifier
inside a shielded box was used to collect the signal and perform
A/D conversion. The shielded amplifier was connected via a fiber
optic cable to the recording monitor located outside the scanner
room. The MR artifact could be filtered out online with the BE-
MRI Tool box software (Galileo New Technology, Florence, lItaly)
(Garreffa et al., 2003). The ballistocardiographic effect was min-
imized through a careful arrangement of the EEG cables and an
elastic cap. fMRI data were excluded if no GSWDs were found in
real-time and offline filtered EEG in one session of a particular
run.

The ictal GSWDs indicated that clinical absence was observed
when the GSWDs burst on EEG. To confirm the absence onset during
the scanning, the parents of the patients stayed in the MR scan-
ner suite during the fMRl examination. When GSWDs occurred in
the online filtered EEG, the parents were asked to monitor their
children for any clinical signs of absences such as staring, eye devi-
ation, and eyelid myoclonia. Therefore, the ictal GSWDs inside the
scanner were defined strictly according to the following factors: (1)
the GSWDs were similar to those recorded outside the scanner dur-
ing typical absence seizures presented with a longer duration (>4s)
(Van Luijtelaar et al., 1991), and (2) the parents of the patients
observed the clinical absence when the GSWD burst occurred. GSWD
timing and duration were marked independently by two skilled elec-
troencephalographers, and disagreements about the markers were
resolved by discussion.
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Table 1 Patient sex, age at seizure onset, seizure frequency, history and family history, and frequency of GSWDs.

IDno.  Sex Age (years) Seizure onset age Seizure frequency History/family Frequency of
(years) (times/day) history GSWDs (Hz)

1 M 5 4 40-50 — 3

2 F 5 4 10 = 3

3 F 9 6 20-30 — 3

4 F 7 6 Several — 3-3.5

5 F 8 6 20-30 = 3

6 M 10 5 2-3 — 3-3.5

7 M 14 9 7-8 — 3—4

8 M 14 4 Several = 3

9 F 5 4 10 = 3

10 M 12 7 2-3 Mother had GTCS 3—4

11 F 9 6 20-30 = 3

12 F 9 7 Several — 3—4

13 M 7 4 20 Hypoxia history at birth 2.5-3.5

14 M 12 9 2-3 = 3.5

15 F 9 7 2-3 — 2.5-4

GTCS: generalized tonic-clonic seizures.

fMRI acquisition

A 3.0T GE MRI scanner (EXCITE, Milwaukee, WI, USA) was used
to acquire BOLD-sensitive echo-planar images (EPI) with contin-
uous, simultaneous EEG. Foam padding was used to help secure
the EEG leads, minimize motion, and improve patient com-
fort. The patients were packed with cotton in their ears, and
they were asked to lie down and rest with their eyes closed.
The imaging parameters of the gradient echo EPI sequences
were as follows: 30slices/volume, 200 volumes, TR=2000ms,
TE=30ms, FOV=24cm x 24cm, matrix=64 x 64, in-plane resolu-
tion=3.75mm x 3.75mm, and flip angle =90°. The structural image
was also acquired during the interval between the first and second
run (TR=8.5ms, TE =3.4ms, field of view [FOV] =24 cm x 24 cm, flip
angle=12°, matrix=512 x 512, and 156 slices). The BOLD changes
in fMRI data were collected in successive sessions of 6 min 40 s; addi-
tional sessions of scanning were required if a patient had no spikes
recorded on real-time EEG in one session.

fMRI analysis

Functional MRI data were initially preprocessed according to the
following four steps: (1) SPM2 software [ww.fil.ion.ucl.ac.uk/spm]
(Friston et al., 1994, 1995) was used to make a 3D rigid-body regis-
tration, spatial transformation, and realignment for the correction
of head motion; (2) only signals in the brain to increase analysis
efficiency were processed; voxels with values lower than a certain
threshold (empirically to be 1/10 of the highest intensity in the
input image) were regarded as background; (3) a spatial smoothing
filter was employed for each brain 3D volume by convolution with
an isotropic Gaussian kernel (FWHM =6 mm for our data) to increase
the MR signal-to-noise-ratio; and (4) a high-pass filter with a cut-off
of 128 s was used to remove low-frequency noise and to reduce the
effect of scanner instability and/or of a gross physiological change
in the patients.

According to the EEG, the time point at which the interictal or
ictal GSWDs were recorded was when the first spike-time signal was
acquired. Then the canonical hemodynamic response function (HRF)
was modeled by two gamma-variant functions (Friston et al., 1998)
convolved with the spike-time signal. Finally, the canonical HRF
was specified as an interested regressor in the SPM design matrix.
The other six non-interested regressors were derived from the six

parameters that were obtained by rigid-body correction of head
motion. The special activated areas were calculated using statis-
tical t tests with five contiguous voxels above a t value of 3.14
(uncorrected). In order to determine the relationship between sub-
jects (second level), contrast images were created for each patient
and were entered separately into voxelwise one-sample t tests,
implementing a random effects analysis for each group. The clus-
ter showing an uncorrected P<0.001 and |T|>5.21 (d.f.=7) and
|T|>4.79 (d.f.=8) for its spatial extent was considered significant.

Results

Three patients were excluded from further analysis, two due
to lack of GSWDs (patients 9 and 14) and one (patient 15) due
to excessive head motion (more than 1 mm and 1°). Eighteen
sessions of EEG—fMRI scanning in 12 patients were carried
out. In 10 sessions in 7 patients, interictal GSWDs were
identified, and in the other 8 sessions, ictal GSWDs were pro-
duced in 6 patients who presented with repetitive absence
seizure before and after fMRI scanning (Fig. 1). The number
of interictal GSWD epochs ranged from 3 to 14 (median, 7),
and the duration of an epoch ranged from 0.5 to 3.8s. The
number of ictal GSWDs epochs ranged from 1 to 11 (median,
2), and the duration ranged from 8 to 35 s (details in Table 2).
Notably, there were two sessions in which BOLD changes in
response to both interictal and ictal GSWDs were obtained in
two successive EEG—fMRI scannings of one patient (Patient
5).

Individual analysis

All patients but one (patient 6, with interictal GSWDs)
showed BOLD signal changes in response to GSWDs. These
BOLD signal changes were mostly bilateral and symmetrical,
and they involved the cortical and subcortical structures. A
positive BOLD signal (activation) was recorded in the cortex,
thalamus, cerebellum, and ventricles. A negative BOLD sig-
nal (deactivation) was mainly located in the anterior frontal
lobe, basal ganglia, cingulated gyrus, and precuneus. The
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Figure 1
background activity which are displayed as a bipolar montage.

regions of significant BOLD signal changes are shown in
Table 2 and Figs. 2 and 3. In patients (nine sessions) with
interictal GSWDs, activation was mainly located in the cor-
tical areas (seven sessions) and next, most frequently, in
the thalamus bilaterally (three sessions); two sessions did
not show activation. Deactivation was observed in corti-
cal regions (eight sessions) and the caudate nucleus (seven
sessions). In patients (eight sessions) with ictal GSWDs, acti-
vation was located both in the thalamus (six sessions) and
cortical regions (six sessions), and deactivation was noted
in cortical regions (eight sessions) and the caudate nucleus
(seven sessions).

The individual maximum t value was larger for
ictal GSWDs (activation: 10.154+3.09; deactivation:
—16.344+6.08) than for interictal GSWDs (activation:
5.20+£1.10; deactivation: —4.85.3+1.10). The indi-
vidual total volume of the BOLD signal was larger for
ictal GSWDs (activation: 63.14421.56 cm?; deactivation:
682.82 + 309.35 cm?) than for interictal GSWDs (activation:
8.13+£3.89cm’; deactivation: 37.63+£20.92cm?). A sig-
nificant difference in the maximum ¢ value and the total
volume between the BOLD response to ictal and interictal
GSWDs was found by performing non-parametric comparison
(P<0.001). This suggests a BOLD response with a higher
amplitude and more widespread extent at the time of the
ictal GSWDs as compared to the time of interictal events.

Group analysis

In the interictal GSWD group, no activation in the
suprathreshold clusters was found. The positive signal
changes in some subjects and the negative ones in others in
the same region may lead to a loss of this effect at the group
level. The largest region of deactivation was located in the
frontal lobe (3.24cm?), and the largest cluster was located
in the middle frontal gyrus (1.66 cm?) with the maximum t
value (—22.04). There were several large clusters observed
in the occipital, parietal, temporal, and limbic lobes and
caudate nucleus.
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EEG recorded during scanning following artifact correction. Patient 5 showed 3—4Hz GSWDs arising from normal

In the ictal GSWD group, the analysis indicated that
a group effect of the bilateral thalamic signal increased.
The largest cluster of activation was located in the right
thalamus and lateral ventricle (1.47 cm?®), with the maxi-
mum ¢t value in the thalamus (21.56). The largest cluster
of deactivation was found in the medial frontal gyrus
(5.53cm?), and the maximum t value of deactivation was
found in the cingulate gyrus (—54.20). Obvious deactiva-
tion was detected in the whole basilar ganglia including
the caudate nucleus, claustrum, and lentiform nucleus.
Large regions of deactivation were observed in the lim-
bic lobes including the cingulate gyrus bilaterally and
posterior cingulate, and the occipital lobe including the pre-
cuneus.

Group analysis also showed that BOLD signal changes with
a higher amplitude and more widespread extent in the ictal
GSWD group. The regions of significant BOLD changes were
revealed with coordinates of volumes and their respective
t values (Table 3). The group effect of BOLD changes in
response to GSWDs is shown in Fig. 4.

Discussion

The patterns of BOLD changes in response to GSWDs in
patients with absence epilepsy had the following features:
(1) activation and deactivation were generally located bilat-
erally and symmetrically; (2) activation was located in the
thalamus and cortical regions, and the maximum activation
area was predominantly in the thalamus when associ-
ated with ictal GSWDs and mainly in the cortical regions
when associated with interictal GSWDs; deactivation was
widespread and distributed in the cortex and basal ganglia;
and (3) ictal GSWDs were associated with a more widespread
extent and a higher amplitude of BOLD signal changes than
were interictal GSWDs.

Our study showed that thalamic activation is associ-
ated with ictal GSWD bursts in patients with CAE, which is
consistent with previous EEG—fMRI studies on GSWDs (Salek-



Table 2 Number and duration of discharges and regions of significant BOLD signal change for all sessions during which interictal and ictal GSWDs occurred.

¥9l

Epileptic ID no No. of Duration of Regions of significant fMRI signal change
activity GSWDs GSWDs. Median
(range) (s) Thalamus Frontal Parietal Temporal Occipital Precuneus Posterior Caudate Brainstem Cerebellum Lateral
cingulate nucleus ventricles

Interictal 1 12 1(0.7-3.2) - 1B;{B m +B'm — B - — — - — —
3a 4 1.6(1.0-1.8) — tBm; |[Bm |B i B B — B — — —
3b 12 1.6(0.9-3.0) 1B 1B m; |B 1B 1B;|B 1B B — JLm — 1B 1B
5a 6 1.1(0.5—-1.9) — 4Bm; |[Bm |R !B 1R; |B IR — B Bl Ly R ¢
5b 8 1.2(0.9-2.2) — 1B; R 4B m; |B — B — /Bm B — — —
6 3 1.2(0.6—1.8) — — — — — — — — — — —
8 4 1.0(0.7—-1.3) — B — 1B — — B B — — —
10a 14 1.7(1.0-3.8) +B 1B m; |B +B +B = Bm B B — 1B 1B
10b 8 1.5(1.0-2.1) — B B — B — B IBm — — —
12 3 1.0(0.8—1.9) +B 1B 1Bm Bm — — — — — — —

Ictal 2 1 23.0(23.0—23.0)tB m 1B; |B B IBm B B B — — — 1B
4 2 9.0(8.0—10.0) 1B m B B 1B B B B B — — 1B
5¢c 2 17.8(15.0—20.5)— IBm B 1B W B B B — — —
5d 5 11.8(9.3—25) 1B m 1B;{B m B B B B B /B !B — 1B
7a 1 28.0(28.0—28.0)tB m 1B;|B 1B — | B;1B B B /B !B 1B;| B —
7b 1 19.5(19.5—19.5)4B m 1B;J B m B = B ;] B /B B 1B; |B —
11 3 30.0(26.0—35.0)1B B B B B B B B B 4Bm; B, 1B
13 11 17.0(10.2—27.4)— 1B;JB m B B 1Bm; |B | B !B B B B —

ID no.: identification number, corresponds to that in Table 1; (a), (b), (c) and (d) are given for patients studied during four sessions; 1: increase; | : decrease; B: bilateral; L: left; R: right;
m: maximum t-value.
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Figure 2

BOLD signal changes in response to interictal GSWDs of Patient 5. Activation in the bilateral superior frontal gyrus (the

highest t value and maximum volumes), right middle frontal gyrus, and right occipital lobe; deactivation in the bilateral middle
frontal gyrus (the highest t value and maximum volumes), middle temporal gyrus and caudate nucleus, left anterior cingulate, and

left cerebellum.

Haddadi et al., 2003; Moeller et al., 2008a). Although the
relationship between the thalamus and cortex in the mech-
anism of GSWD paradoxical discharges has still not yet been
defined, thalamic activation in our study was consistent with
its known role of involvement in generating GSWDs. Our
study found that in most patients with interictal GSWDs, the
maximum activation was predominantly in the cortex. This
finding is not consistent with those of most previous stud-
ies in which the maximum activation was in the thalamus
(Aghakhani et al., 2004; Gotman et al., 2005; Laufs et al.,
2006). On the other hand, the BOLD signal in response to
ictal GSWDs showed maximum thalamic activation. Inter-
estingly, one patient (patient 5) whose BOLD changes in
response to both ictal and interictal GSWDs were obtained in
the two successive EEG—fMRI scanning sessions also showed
this feature (Figs. 2 and 3). Therefore, we propose that the
detection of thalamic activation in individual cases may in
part be related to the duration of GSWD epochs recorded.
GSWDs with a longer duration may be prone to present
stronger thalamic activation. This finding is consistent with
a previous study which showed that thalamic activation rep-
resents subcortical activity necessary for the maintenance
of GSWDs (Avoli et al., 2001). Of course, thalamic activa-
tion associated with interictal GSWD burst may be detected
because of the higher sensitivity of fMRI or other methods
of fMRI analysis (Laufs et al., 2006).

The spatial pattern of deactivation during interictal and
ictal GSWDs was strikingly similar in the frontal cortical

areas, parietal areas, and precuneus, which is in accor-
dance with the findings of previous studies (Salek-Haddadi
et al., 2003; Aghakhani et al., 2004; Labate et al., 2005;
Hamandi et al., 2006; Laufs et al., 2006; Moeller et al.,
2008a) and has been interpreted in the context of the
**default mode network’’ (Raichle and Mintun, 2006; Laufs,
2008). According to this hypothesis, the parietal cortex, pre-
cuneus, and frontal cortical areas are active at rest and
maintain consciousness in people while they are awake. The
abnormal thalamocortical synchronization during GSWDs
disrupts the thalamocortical and corticocortical connectiv-
ity among cortical regions that constitute the ‘‘default mode
network.’”’ The abnormal thalamocortical synchronization
reduces the level of cortical activity in these regions and
may represent a hemodynamic correlate of impaired con-
sciousness during absence seizures (Gotman et al., 2005;
Hamandi et al., 2006; Laufs et al., 2006). However, the
loss of consciousness is not always complete during absence
seizures (Gloor, 1986) and may correlate with the dura-
tion of the absences (Van Luijtelaar et al., 1991). In our
study, negative BOLD responses with a higher amplitude
and more widespread extent were observed with a longer
duration of GSWDs (ictal events). We suggest that the ictal
epileptic discharges (a long duration of GSWDs) result-
ing from abnormal thalamocortical synchronization cause
a severe disturbance or suspension of the default mode
network, manifesting widespread cortical deactivation and
clinical loss of consciousness. Meanwhile, interictal epilep-
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Figure 3  BOLD signal changes in response to ictal GSWDs of Patient 5. Activation in the thalamus bilaterally (the highest t value),
superior and middle frontal gyrus bilaterally (maximum volumes), occipital cortex bilaterally, and posterior cingulate; deactivation
in the caudate nucleus bilaterally (the highest t value), uncus bilaterally (maximum volumes), middle frontal gyrus and posterior
cingulate bilaterally, and brainstem.

tic discharges (a short duration of GSWDs) only cause a So far, reports on BOLD changes in response to GSWDs in
partial suspension of the default state of the brain, and the basal ganglia have been less consistent in humans, and
impairment of consciousness cannot been observed clini- the deactivation of the caudate nucleus has seldom been
cally. reported in group analysis in patients with different sub-

Figure4 The second level group analysis for the patients with GSWDs. (A) BOLD signal in response to interictal GSWDs: deactivation
mainly distributed in the middle frontal gyrus bilaterally and diffusely in the precuneus, claustrum, cingulate gyrus, posterior
cingulate nucleus, and parietal, occipital, and temporal lobes. (B) BOLD signal in response to ictal GSWDs: activation in the thalamus
and lateral ventricle, and deactivation in the frontal areas, parietal areas, precuneus, and in the basal ganglia bilaterally.
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Table 3  Significant BOLD signals in response to GSWDs located by brain region.
Interictal GSWDs Ictal GSWDs
Region Side t-Value Volume (cm®) Region Side t-Value Volume (cm?)
Activation
— — — — Thalamus R 21.56 1.472
Thalamus L 7.46 0.152
Lateral ventricle R 12.58 1.47°
Frontal lobe, white matter L 8.91 0.14
Parietal lobe, white matter L 16.05 0.18
Midbrain L 7.82 0.15P
Deactivation
Frontal lobe
Middle frontal gyrus R —22.04 1.66 Medial frontal gyrus R —25.31 5.53
Inferior frontal gyrus L —8.85 1.02 Inferior frontal gyrus L —32.95 0.78
Parietal lobe
Inferior parietal lobule L —-8.42 0.72 Postcentral gyrus L —-15.72 0.13
Temporal lobe
Superior temporal gyrus L -5.38 0.10 Middle temporal gyrus R —39.87 3.562
Middle temporal gyrus R —14.15 1.54
Occipital lobe
Superior occipital gyrus R —7.77 1.49 Middle occipital gyrus L —33.01 0.91
Precuneus R —9.54 1.04 Precuneus R —36.61 3.56°
Precuneus R —11.44 2.452
Limbic lobe
Posterior cingulate L —5.82 0.26 Cingulate gyrus L —54.20 2.45°
Cingulate gyrus L —6.54 0.37 Cingulate gyrus R —11.11 2.45P
Posterior cingulate R —36.84 3.20
Basilar ganglia
Caudate R —6.84 0.20 Caudate nucleus R —43.57 0.08
Lentiform nucleus L —15.57 0.55
Claustrum R —15.45 0.34

The same volume with ‘a’ and ‘b’ refers to two consecutive regions sharing the same cluster.

types of IGE (Hamandi et al., 2006; Moeller et al., 2008a). In
our study, the BOLD signal decreased not only in the head of
the caudate nucleus but also in the claustrum and lentiform
nucleus during GSWDs paroxysms. Animal studies on genetic
absence epilepsy rats from Strasbourg (GAERS) showed that
the discharges recorded in the caudate nucleus occurred a
few seconds after the discharges initiated in the thalamus
or cortex (Danober et al., 1998); they also demonstrated
that the basal ganglia circuits acted as a remote control
system for absence seizure (Deransart and Depaulis, 2002).
However, the role of basal ganglia deactivation in the patho-
physiology of GSWDs in patients remains to be determined
(Slaght et al., 2004). Although the mechanisms of propaga-
tion of epileptic discharges in the nuclei of the basal ganglia
remain unknown, we propose that the BOLD changes in the
basal ganglia may be a consequence of activity at the tha-
lamocortical level, forming a basal ganglia—thalamocortical
loop (Moeller et al., 2008a,b).

In conclusion, both interictal and ictal GSWDs in patients
with CAE are associated with BOLD signal changes in the
basal ganglia—thalamocortical network, which provides fur-
ther evidence for basal ganglia—thalamocortical circuit
involvement in the generation of GSWDs. Ictal GSWDs

showing predominant thalamic activation and widespread
cortical deactivation might cause complete suspension of
the brain’s default state and manifest clinically as abrupt
loss of consciousness (absence seizures).
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